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The aim of this study was to assess the relationship between preterm/early preterm
delivery and active smoking as well as environmental tobacco smoke (ETS) exposure
in a sample of pregnant Italian women. A case–control study was conducted in nine
cities in Italy between October 1999 and September 2000. Cases of preterm birth were
singleton babies born before the 37th gestational week; babies born before the 35th
gestational week were considered early preterm births. Controls were babies with
gestational ages  37th week. A total of 299 preterm cases (including 105 early
preterm) and 855 controls were analysed. A self-administered questionnaire was used
to assess active smoking and ETS exposure, as well as potential confounders. Multi-
variable logistic regression analysis showed a relationship between active smoking
during pregnancy and preterm/early preterm delivery [adjusted ORs: 1.53; 95% CI
1.05, 2.21 and 2.00; 95% CI 1.16, 3.45, respectively]. A dose–response relationship was
found for the number of cigarettes smoked daily. The adjusted ORs were 1.54 and 1.69
for preterm babies and 1.90 and 2.46 for early preterm babies for 1–10 and >10
cigarettes/day respectively. ETS exposure was associated with early preterm delivery
[adjusted OR 1.56; 95% CI 0.99, 2.46] with a dose–response relationship with the
number of smokers in the home. Smoking during pregnancy was strongly associated
with preterm delivery with a dose–response effect. ETS exposure in non-smoking
women was associated only with early preterm delivery.
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Introduction
Preterm birth is an important cause of neonatal mor-
bidity and mortality, and active smoking during preg-
nancy is a recognised risk factor for preterm delivery.
There is good epidemiological evidence to support an
association between smoking during pregnancy and
increased risk of premature rupture of membranes,
abruptio placentae, placenta praevia and a modest
increase in risk for preterm delivery.1 A recent meta-
analysis of 20 prospective studies reported a pooled
odds ratio (OR) for preterm delivery of 1.27 [95%
conﬁdence interval (CI) 1.21, 1.33] in smoking vs.
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non-smoking pregnant women, although not all indi-
vidual studies reported signiﬁcantly elevated risks.2 On
the whole, data from epidemiological studies show
that there is a dose-related impact of smoking on
preterm birth with reported ORs ranging from 1.6 to
1.8 in pregnant women who smoke >10 cigarettes/day
compared with non-smokers.3–6
Preterm delivery has also been associated with expo-
sure to environmental tobacco smoke (ETS) exposure
during pregnancy. The California Environmental Pro-
tection Agency recently reviewed the major ﬁndings
for developmental toxicity of ETS and suggested that
there is evidence of an association between ETS expo-
sure and preterm delivery.7 However, even though a
number of studies have shown that ETS exposure
during pregnancy increases the risk for preterm deliv-
ery, the observed ORs are generally low or limited to
speciﬁc categories of women such as those older than
30 years or multiparous.8–10
We studied the association between the occurrence of
preterm and early preterm delivery and maternal
active smoking and ETS exposure during the last tri-
mester of pregnancy in a sample of Italian women. The
study was conducted within a larger investigation of
several risk factors for adverse pregnancy outcomes.11,12
Methods
A case–control study with incident cases was carried
out between October 1999 and September 2000 in nine
Italian cities (Genoa, Udine, Modena, Parma, Siena,
Rome, L’Aquila, Naples and Catania). In Modena,
Udine, Parma, Siena and L’Aquila, the participating
obstetric clinics covered nearly 100% of total births that
occurred in the municipal areas, while in Rome, Genoa,
Naples and Catania the coverage ranged from 40% to
60% of total births. We considered babies born from
mothers who were Caucasian, born in Italy and resi-
dent in the investigated cities eligible for inclusion.
Multiple pregnancies and newborns with congenital
malformations were excluded.
Eligible cases of preterm birth were singleton, live-
born children born before the 37th completed week of
pregnancy (i.e. before 259 days from ﬁrst day of last
menstrual period); among these subjects we classiﬁed
all singleton babies born before the 35th week of preg-
nancy as early preterm births. Controls were enrolled
from among singleton births that occurred in the same
hospitals 1–2 days after delivery of the case, with a
gestational age >37th week of pregnancy.
Mothers of cases and controls were recruited during
their hospital stay just after delivery by trained inter-
viewers. After informed consent and before hospital
discharge, mothers were asked to complete a struc-
tured, validated and self-administered questionnaire.11
This collected information about sociodemographic
variables (e.g. mother’s age, educational level), medical
and reproductive history (e.g. parity, previous miscar-
riages and stillbirth, hypertension, diabetes) and
lifestyle habits such as coffee, beer and alcohol
consumption. Maternal and infant medical records
were reviewed to obtain clinical data about mother’s
health at the delivery and birth outcomes (infant sex,
gestational age and infant birthweight). Data on gesta-
tional age were obtained from medical records accord-
ing to the last menstrual period. We considered the
following variables as confounders: gender, maternal
age, marital status, education, parity, previous preterm
delivery, miscarriages and stillbirths, hypertension
and diabetes, working in pregnancy, antenatal class
attendance and moderate physical activity during
pregnancy. Confounding variables were assessed by
both questionnaire and clinical records.
The study protocol was reviewed and approved by
the Research Ethics Boards in all obstetric clinics.
Exposure assessment
Information on active smoking habits and ETS expo-
sure was based on maternal self-reporting. We col-
lected information about smoking habits before
pregnancy (yes, no), the number of cigarettes smoked
per day and the period of smoking habits before
pregnancy.
Data on smoking habits during pregnancy con-
cerned whether the mother had smoked during the last
trimester of pregnancy (yes, no) as well as the number
of cigarettes smoked per day; all smokers reported
they had smoked for the entire period of pregnancy.
ETS exposure was grouped into two categories
based on the number of smokers in the home during
the period of pregnancy (none, one or more smokers).
Statistical analyses
Univariable and multivariable regression procedures
were applied to estimate the associations between
maternal smoking and ETS exposure during preg-
nancy and preterm and early preterm birth. We esti-
mated ORs and 95% CIs using logistic regression. The
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Table 1. Basic characteristics of cases:
preterm (<37 weeks) and early preterm
(<35 weeks) delivery, and controls
delivered at term
Controls
n = 855
%
Early preterm
n = 105
%
Preterm
n = 299
%
Gender of baby
Male 48 47 54
Female 52 53 46
Maternal age (years)
20 1 4 2
21–30 39 36 39
31–40 58 56 54
>40 1 4 4
Marital status
Married/de facto 96 90 94
Single 2 5 3
Separated/divorced 2 5 3
Education
Primary/middle school 30 34 29
High school 49 48 48
University 22 18 23
Parity
Primiparous 50 51 51
Multiparous 50 49 49
Previous preterm deliveries
No 95 84 84
Yes 4 16 15
Miscarriages
No 83 74 77
Yes 17 26 23
Stillbirth
No 99 97 97
Yes 1 3 3
Diabetes
No 99 91 94
Yes 1 9 6
Hypertension
No 96 78 84
Yes 4 22 15
Working in pregnancy
No 29 28 30
Yes 71 72 70
Antenatal class attendance
No 51 66 60
Yes 49 34 40
Moderate physical activity
No 29 28 30
Yes 71 72 70
Active smoking
No 85 76 80
Yes 15 24 20
ETS exposure
No 65 53 63
Yes 35 47 37
Percentages may not add to 100 because of rounding or missing information for some
subjects.
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regression models were adjusted for the following
potential confounders: maternal age, previous preterm
deliveries, hypertension, diabetes, antenatal class
attendance and moderate physical activity. These vari-
ables were associated with case status (P < 0.05) in
univariable analyses. Statistical analyses were per-
formed with spss 10.0 for Windows (SPSS 2000).13
Results
A total of 299 cases of preterm birth (including 105
early preterm cases) and 855 controls completed the
questionnaire; the participation rate was 96% of eligible
mothers. The distribution of sociodemographic data,
lifestyle habits and medical information among cases
and controls are shown in Table 1. Mothers of preterm
and early preterm deliveries were more likely to be
>40 years of age, to have a history of preterm delivery,
miscarriage or stillbirth and to have a history of hyper-
tension and diabetes than mothers of controls. No
associations were found with other sociodemographic
variables such as gender of the baby, marital status,
education and working during pregnancy or with
antenatal class attendance or moderate physical activ-
ity for either preterm or early preterm cases compared
with control subjects.
Active maternal smoking was reported more fre-
quently by mothers who delivered either early preterm
or preterm babies compared with mothers of term
deliveries (24%, 20% and 15% respectively). Forty-
seven per cent of mothers who delivered early preterm
babies were exposed to ETS; 8.6% of them lived with
Table 2. Smoking habits of cases (preterm and early preterm delivery) and controls before and during pregnancy
Early preterm delivery
<35 weeks gestation
Preterm delivery
<37 weeks gestation
Cases/controls Adjusted ORa [95% CI] Cases/controls Adjusted ORa [95% CI]
Smoking during pregnancy
No 80/721 1.00 Reference 239/721 1.00 Reference
Yes 25/125 2.00 [1.16, 3.45] 60/125 1.53 [1.05, 2.21]
Cigarettes/day during pregnancy
None 80/721 1.00 Reference 237/721 1.00 Reference
<10/day 16/89 1.90 [1.01, 3.56] 40/89 1.54 [1.01, 2.35]
10+/day 9/36 2.46 [1.05, 5.76] 20/36 1.69 [0.91, 3.13]
Smoking before and during pregnancy
Neither 62/595 1.00 Reference 187/595 1.00 Reference
Yes, only before pregnancy 18/128 1.19 [0.63, 2.24] 50/128 1.20 [0.81, 1.79]
Yes, both before and during pregnancy 25/125 1.43 [1.09, 1.89] 60/125 1.25 [1.04, 1.50]
aAdjusted for maternal age, previous preterm deliveries, hypertension, diabetes, antenatal class attendance and moderate physical
activity.
Table 3. ETS exposure of cases (preterm and early preterm delivery) and controls in non-smoking women
ETS exposure (only
non-smoking mothers)
Controls
n (%)
Early preterm delivery
<35 weeks gestation
Preterm delivery
<37 weeks gestation
n (%)
Crude OR
[95% CI]
Adjusted ORa
[95% CI] n (%)
Crude OR
[95% CI]
Adjusted ORa
[95% CI]
No 507 (71) 47 (59) 1.00 Reference 1.00 Reference 170 (72) 1.00 Reference 1.00 Reference
Yes 210 (29) 33 (41) 1.69 [1.06, 2.72] 1.70 [1.01, 2.86] 67 (28) 0.95 [0.69, 1.32] 0.92 [0.65, 1.31]
Total 717 (100) 80 (100) 237 (100)
aAdjusted for maternal age, previous preterm deliveries, hypertension, diabetes, antenatal class attendance and moderate physical
activity.
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two or more smokers. Coffee, beer, wine and alcohol
intake (no/yes) were not associated with the preterm
birth (data not shown).
Adjusted ORs and 95% CIs for smoking habits
before and during pregnancy are shown in Table 2. All
risk estimates were adjusted for variables associated
with preterm delivery in univariable analyses (mater-
nal age, previous preterm deliveries, hypertension,
diabetes, antenatal class attendance and moderate
physical activity). Logistic regression analysis showed
a strong association between preterm delivery and
smoking during pregnancy. A higher adjusted risk was
found for early preterm delivery among mothers who
smoked during pregnancy compared with non-
smokers with evidence of a strong dose–response
according to the number of cigarettes smoked daily.
Smoking only before pregnancy and then stopping
showed low risks, while smoking both before and
during pregnancy showed increased risks of early
preterm delivery and preterm delivery.
In non-smoking mothers, ETS exposure was associ-
ated with a moderate increase of risk for early preterm
delivery, while the risk of preterm delivery on the
whole in mothers exposed to ETS was lower and non-
signiﬁcant. (Table 3).
In Table 4 we consider the association with both
active smoking and ETS exposure. Early preterm deliv-
ery shows a dose–response relationship such that the
women with both active and passive exposure show
the highest risk, while preterm delivery, is associated
with active maternal smoking only.
Discussion
The results of our study are in agreement with previ-
ous epidemiological studies that reported that active
smoking is associated with preterm delivery.1–6,14 In this
study, the association was even stronger for early
preterm delivery, deﬁned as singleton babies born
before the 35th week of pregnancy. Epidemiological
research has evaluated the role of socio-economic
factors and behavioural patterns for associations with
preterm delivery. In addition to unhealthy behaviour
(cigarette smoking, drug use), the most frequently
associated factors were maternal anthropometry, poor
nutrition, physically demanding work during preg-
nancy and absence or poor quality of prenatal and
family care. Despite the fact that we did not control for
all of these factors, the associations between smoking
and preterm delivery remain statistically signiﬁcant
after adjusting for some of these variables including
maternal age, marital status and education. On the
other hand, factors that protect women from preterm
delivery have also been reported. Among these, mod-
erate physical activity including golf, walking, table
tennis, swimming as well as participation in prenatal
classes were evaluated in our study. Attendance in
antenatal classes is believed to have a positive effect in
reducing fear and anxiety about labour and delivery
and in identifying the most suitable time for coming to
the hospital thereby reducing preterm labour emer-
gencies.15 The protective role of these factors was also
conﬁrmed in our population. Nevertheless, active
smoking before and during pregnancy remains a sig-
niﬁcant predictor of preterm delivery. Of paramount
importance, our study also conﬁrmed the dose–
response relationship with the number of cigarettes
smoked daily during pregnancy.
The most widely accepted hypothesis to account for
the role of smoking on fetal development is that carbon
monoxide and/or nicotine induce fetal hypoxia.
Carbon monoxide is known to decrease the oxygen-
carrying capacity of haemoglobin. Fetal haemoglobin
has a higher afﬁnity for carbon monoxide than adult
haemoglobin and the impact on the fetus is more
severe than on the mother, since fetal tissues receive
Table 4. Association between preterm and early preterm delivery and both active maternal smoking and ETS exposure
Active smoking/ETS exposure
Early preterm delivery
<35 weeks gestation n = 105
Preterm delivery
<37 weeks gestation n = 299
Cases/controls Adjusted ORa [95% CI] Cases/controls Adjusted ORa [95% CI]
No active smoking/no ETS exposure 47/507 1.00 Reference 170/507 1.00 Reference
No active smoking/yes ETS exposure 33/210 1.71 [1.04, 2.89] 67/210 0.92 [0.65, 1.31]
Yes active smoking/yes ETS exposure 25/125 2.28 [1.16, 4.61] 59/125 1.51 [1.03, 2.20]
aAdjusted for maternal age, previous preterm deliveries, hypertension, diabetes, antenatal class attendance and moderate physical activity.
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even less oxygen. Nicotine is a vasoconstrictor and
appears to reduce placental perfusion leading to fetal
hypoxia.1 However, the association between smoking
and preterm birth could have some other explana-
tion, and the pathogenesis of a possible smoking-
related increased risk of preterm labour is probably
multifactorial.3,4
Several methodological limitations should be con-
sidered in interpreting the results of our study. The ﬁrst
issue is related to the sample: while in some towns the
coverage of preterm births was 100%, in other areas
(Rome, Naples and Genoa) it was limited to 40–60% as
it was impossible to cover all the obstetric wards in
these big towns. However, the sample from these areas
is probably homogeneous as we involved public clinics
only in the present study.
Maternal smoking was based on self-report, leading
to potential misclassiﬁcation. Although many studies
have shown agreement between self-reported smoking
amount and serum or urinary cotinine levels,16 several
issues regarding covariates and confounders need to be
addressed. Active maternal smoking can act as a con-
founder in studies of ETS exposure and create misclas-
siﬁcation. In our study, the data for ETS exposure
during pregnancy were obtained using a structured,
standardised questionnaire. Some authors suggest that
mothers may not report the number of cigarettes
smoked in pregnancy accurately, leading to additional
misclassiﬁcation. However, in our study 37% of
women with preterm/early preterm delivery and 30%
of control women reported that they smoked before
pregnancy. These data agree with those from the Italian
Institute for Statistical Reasearch who reported that the
prevalence of smoking among Italian women aged
25–44 years was 33.5%, similar to our study.17 More-
over, in our study a similar reduction in the prevalence
of active smoking was observed both for controls
(-15%) and for cases (-17%).
The accuracy of the exposure to ETS is difﬁcult to
evaluate when data are collected only by self-reported
questionnaire. The results obtained from epidemiologi-
cal studies performed on the validity of self-reported
exposure to ETS are not unequivocal: a number of
studies have found poor to moderate correlation
between self-reported information on ETS exposure
and cotinine measurements, while other studies tested
the exposure to ETS and the resulting cotinine levels
correlated well with a history of this exposure.18–23
In conclusion, our results conﬁrm earlier ﬁndings
that active smoking during pregnancy increases the
risk for preterm and early preterm delivery. In addi-
tion, we have shown ETS exposure during the third
trimester of pregnancy to be associated with early
preterm delivery (before the 35th gestational week).
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